Quantum confinement was found to play a critical role in the formation of Au(111) islands grown on the surface of MoS 2 . These confinement effects are fully three dimensional, with a strong correlation to the relatively large Fermi wavelength associated with the Au(111) planes.
I. INTRODUCTION
Quantum well states can play a role in determining the geometric structure of nanometer scale metallic films. Film stability increases as quantum well states shift farther from the Fermi level. Energy contributions due to quantum confinement perpendicular to the substrate minimized when the film thickness is a half integer multiple of the Fermi wavelength, resulting in the opening of a gap at the Fermi level of the metal. Such contributions to the electronic configuration cause oscillations in the total energy of the film with thickness. The set of preferred or "magic" heights resulting from these energy considerations have been reported in various systems such as Pb/Si(111) [1] [2] [3] , Ag/Si(111) [4] [5] [6] [7] [8] , and Ag/Fe(100) [9, 10] .
Theoretically, quantum size effects could be used to create atomically flat films with a high degree of uniformity, ideal for the creation of metallic contacts for either scientific investigations or device applications on the nanometer scale. In practice, this can be challenging as the energies associated with quantum confinement are typically too small to make a significant impact, even at room temperature. To observe quantum size effects the relatively large contributions from sources such as surface free energy, strain due to lattice mismatch, and surface kinetics must be minimized. This has been accomplished through cryogenic deposition using materials with either a high degree of lattice matching [9] or materials that form a wetting layer [8] that maintain confinement and reduce strain at the interface. This imposes a serious constraint on the number of acceptable systems when taking into account the need for strong confinement. The surface of layered semiconductor crystals have many properties favorable for electronic confinement. In most cases, the interface between metals and these materials is separated by a van der Waals gap [11] , resulting in an abrupt interface with minimal strain due to lattice mismatch. This provides the possibility of achieving quantum size effects without the afore mentioned constraints.
In this paper, we present scanning tunneling microscopy (STM) evidence that quantum size effects play a defining role in the morphology of Au(111) islands on MoS 2 . Room temperature deposition results in atomically smooth triangular structures with a Gaussian height distribution. Upon annealing, these structures coalesce into islands with quantized dimensions that correlate strongly with a portion of the Au Fermi surface.
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II. EXPERIMENTAL
MoS 2 substrates were purchased from commercially available sources similar to those used in other recent studies [12] [13] [14] . The surface was cleaned via mechanical exfoliation prior to being introduced into the load lock of a home-built thermal deposition chamber with base pressure of 2 × 10 −9 mbar. Each MoS 2 substrate was degassed for one hour at 500 K as measured by a type K thermocouple attached to the sample holder. Approximately 3.0 nm of Au was deposited at rate of 0.01 nm/s measured in situ using a quartz microbalance.
After deposition, samples were attached to STM appropriate sample holders ex situ using a conductive silver paste and introduced into a variable temperature UHV STM system (Omicron) with base pressure of 7×10 −9 mbar. Tips were made from a W wire electrochemically etched in a 5 M potassium hydroxide solution with a 5 V rms bias. Differential spectra were extracted at room temperature using a lock-in amplifier with a 3.5 kHz, 76 mV modulation.
Beginning at ambient temperature, the sample was heated in steps of approximately 25 K as measured by a Pt100 thermistor in contact with the imaging stage. The surface was scanned at each incremental temperature up to 575 K, the maximum temperature of the imaging stage. Scanning was paused after each temperature increase to allow the sample to achieve thermal equilibrium. In ordered to reach higher temperatures, the sample was transferred to a separate preparation stage located adjacent to the STM head. Samples were annealed at temperature for approximately five minutes and cooled to room temperature before being transferred back to the imaging stage to scan the surface. This was done in 75 K increments up to 725 K, the highest effective working temperature of the conductive paste (i.e. electrical conduction is lost with the sample).
III. RESULTS AND DISCUSSION
Prior to deposition, MoS 2 substrates were found to be extremely flat with several microns between step edges. The image in Fig. 1(a) The height distributions calculated from these images are depicted on the right side of Fig. 1 and are comparable to those calculated from other images. The film has a highly symmetric distribution of heights immediately after deposition as seen in Fig. 1(a) . Due to the high degree of symmetry, it was assumed that this distribution was centered on the nominal deposition thickness of 3.0 nm. As the sample is annealed to 400 K, the Au film begins to acquire an asymmetric bimodal distribution with a preference for greater heights.
As the islands grow in height, the substrate is exposed and produces an MoS 2 peak that is first visible at 420 K. The MoS 2 peak is used as a reference to determine the absolute height of the Au islands for each annealed data set. When possible, the preferred heights are determined by the location of individual monolayer peaks found in the distribution.
When individual monolayers could not be distinguished, a Gaussian peak analysis was used.
The location of the first and second peaks are labeled in Figs . The surface wavelength is nearly a perfect match to the data. It is worth noting that the Au islands of this system are not truly representative of a bulk material. In fact, the value of the bulk λ F is found to be nearly equal to that of the surface in Au(111) films as thick as 140 nm [22] .
The lateral sizes of these islands also exhibited quantization correlated with λ 
The depth of the potential well was determined by the sum of the (111) 
IV. CONCLUSIONS
In summary, we have observed that the growth of Au(111) islands on MoS 2 exhibits quantum size effects in three-dimensions. The island heights and lateral dimensions correlate well with the Fermi wavelength in the Au{111} planes, indicating that quantization is driven by quantum well states. These effects persist to at least 725 K, an unusually high temperature for an electronic growth mode. This is likely due to the weak bonding at the Au/MoS 2 van der Waals interface, which minimizes strain but can still induce epitaxial growth without a wetting layer or significant lattice matching. The abrupt van der Waals gap at the interface also gives rise to strong electronic confinement, ideal for the formation of quantum well states. While further study is needed to fully understanding of the microscopic origins of this quantization, this discovery creates a new class of magic size systems and a new route for the control of metal film growth parameters on van der Waals surfaces.
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